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[57] ABSTRACT 

An active matrix-type liquid crystal display device driven by 
a transverse electric field is provided which is capable of 
providing a superior image quality without showing after 
images or uneven images by maintaining the potential of the 
black matrix at an optimum value, while maintaining the 
black matrix in a floating state; the active matrix-type liquid 
crystal display device being constructed by a pair of trans- 
parent insulating substrates, and on the TFT substrate, a 
plurality of scanning lines and a plurality of signal lines, thin 
film transistors formed near the crossover points of the 
scanning and signal lines, pixel electrodes connected to the 
TFTs, and counter electrodes formed facing to the pixel 
electrodes are formed with a transverse electric field being 
generated by applying a voltage between the pixel electrodes 
and the counter electrodes, and a slit with a predetermined 
size being formed in the black matrix formed on the other 
CF substrate. 

13 Claims, 10 Drawing Sheets 
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ACTIVE MATRIX LIQUID CRYSTAL 
DISPLAY DEVICE WITH PLURAL BLACK 
MATRIX PIXELS OPENINGS 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

The present invention relates to a liquid crystal display 
device, and more particularly relates to an active matrix 
liquid crystal display device driven by a transverse electric 30 
field driving method. 

This application is based on Patent Application No. Hei 
10-173182 filed in Japan, the contents of which are incor- 
porated herein by reference. 

2. Background Art 15 
An active matrix-type liquid crystal display device 

(hereinafter, abbreviated as AMLCD), which uses thin film 
field effect-type transistors as switching elements of the 
pixels, is widely used, due to its high image quality, as a 
display device for portable computers or as monitors for 20 
small size desk-top computers. 

Recently, a method of display using a transverse electric 
field has been proposed for improving the angle-of -visibility 
characteristics for the purpose of realizing a higher image 25 
quality. This method is disclosed in Japanese Patent 
Application, First Publication No. Hei 5-505247, which 
controls the quantity of transmitted light by changing the 
direction of the anisotropic axis (director) of the liquid 
crystal by applying a voltage between the pixel electrodes 3Q 
and counter electrodes formed in parallel to each other on 
the first substrate on which TFTs (thin film transistors) are 
formed. 

In this method of driving the liquid crystal display device, 
since the director rotates on the substrate surface when the 35 
voltage is applied between the pixel electrode and the 
counter electrode, good images are obtained over a wide 
viewing angle, in contrast to the twisted nematic method, 
wherein, the problem arises that due to rising of the director 
from the substrate, the relationship between the quantity of 40 
the transmitted light and the applied voltage shows a large 
change depending upon the viewing angle such as a viewing 
angle from a direction of the director or a viewing angle 
from the direction normal to the substrate. 

The method shown in FIG. 5 is widely used, since it is 45 
possible to maintain the black color at a reduced brightness, 
in which method the liquid crystal layer is arranged in a 
homogeneous orientation, and is inserted between two 
polarizing plates, the angles of polarization of which are 
orthogonal to each other, and one of the polarization angles 50 
is made identical with the orientation of the liquid crystal, 
and the display color is made black when no voltage is 
applied, and the display color turns white, by twisting the 
liquid crystal into the direction of the electric field when 
applying a voltage. 55 

In this liquid crystal driving mode, since the electric field 
is applied in the transverse direction, there is no transparent 
electrode at the liquid crystal side of the second substrate 
which faces the first substrate on which TFTs are formed. 
Therefore, color layers of the color filters on the second 60 
substrate (hereinafter, abbreviated as CF substrate), and a 
black matrix (hereinafter, abbreviated as BM) are not 
shielded electrically. Accordingly, the charge distribution 
inside the color filter is changed by the voltage applied to the 
liquid crystal, whereby the electric field is disturbed. Such 65 
disturbance causes cross-talk and after images, which results 
in deteriorating the image quality of the display device. 
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Particularly, when the BM potential differs from the poten- 
tial of the counter electrode, the electric charge near the BM 
migrates to the display opening portion, which causes after 
images. 

A measure to prevent this electric charge migration is 
proposed in Japanese Patent Application, First Publication 
No. Hei 9-269504, in which a BM made of a conductive 
material is fixed at the same potential as that of the counter 
electrode by connecting the BM to the TFT substrate. 

Although a method of increasing the resistance of the BM 
is proposed, to obtain a panel without having uneven 
indications, in Japanese Patent Application, First Publication 
No. Hei 9-43589, the method is not sufficient to solve the 
above problem by itself. 

Furthermore, another method is proposed for a TN-type 
liquid crystal panel to float the transparent electrode formed, 
facing the liquid crystal, on the second substrate, in Japanese 
Patent Application, First Publication No. Hei 9-263021. 
However, this method is not a direct solution of the above 
problem, because it is related to a liquid crystal panel driven 
by applying an electric field in the transverse direction and 
floating is applied to the BM, which is not directly related to 
the formation of the electric field of the display opening. 

Another method is proposed in the Domestic 
Re-publication of PCT International Publication No. W095/ 
25291, in which a sealed electrode is formed on the second 
substrate, and a fixed potential is applied to the sealed 
electrode to give the sealed electrode the role of the BM. In 
addition to the above structure, a method is proposed to 
provide a slit in the sealed electrode in order to prevent a 
delay in the signal caused by capacitive coupling between 
the sealed electrode at a fixed potential and signal lines. 
However, the above method does not constitute a substantial 
solution to the above problem, since the above method uses 
a BM in a floating condition and, in order to provide an area 
which overlaps with electrodes on the active matrix sub- 
strate for the purpose of bringing the potential of the black 
matrix near to that of the counter electrode, the slit is formed 
only on a part of the black matrix, which overlaps with the 
scanning lines. 

In general, in the liquid crystal display device using a 
transverse electric field, an overcoat layer is formed on the 
color layer to prevent the diffusion of impurities from the 
color layer to the liquid crystal layer. In order to supply a 
potential from the TFT substrate to the BM, it is necessary 
to expose the BM by removing the overcoat layer around 
peripheral area, which causes the problem that an increased 
number of production processes is required. Additionally, it 
is necessary to reduce the resistance of the BM in order to 
suppress fluctuation of the BM potential caused by fluctua- 
tions of the signal line potentials, since the BM is capaci- 
tively coupled with many signal lines, so that the problem 
arises that the range of materials for forming the BM is 
restricted when the BM is applied to a large area. 

Thus, a method to fix the potential of the BM is not 
advantageous, from the point of view of manufacturing an 
active matrix -type liquid crystal display panel at a reduced 
cost. However, as described above, if the BM is floated, the 
BM potential fluctuates as a result of the potential fluctua- 
tion on the TFT substrate, which seriously affects the image 
quality, irrespective of the resistance of the BM. 

Immediately after starting display of the liquid crystal 
panel, the potential of each point on the BM coincides with 
that of the electrodes which overlap on the TFT substrate. 
That is, the potential of the BM adjacent to an area, where 
the extended signal lines are densely disposed, is identical to 
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an off-potential of the scanning lines Vgoff, and the BM 
potential at the display pixel portion becomes the average of 
the potentials of the scanning lines, the counter electrode, 
and the pixel electrodes. 

As described above, since the BM potentials differs 
depending upon the location, an electric current flows 
between the extended scanning lines and the display pixels 
through the BM to make the BM potential homogeneous. 
During such current flow, the BM potential, in a region of a 
few millimeters from the side where the extended scanning 
lines are arranged, becomes lower than the potential of the 
counter electrode. At this time, since a strong transverse 
electric field is generated from the BM edge to the columns 
at both edges of a pixel, the liquid crystal will be subjected 
to the twist-deformation at the columns, so that the area 
glitters during displaying the black. If the resistance of the 
BM is sufficiently low, BM potential is homogenized almost 
spontaneously, this local glittering is not observed. 
However, when the resistance of the BM is high, the 
phenomenon of the local glittering in the black color is 
observed at the side where the extended scanning lines are 
arranged, after the displaying has been operated for a while. 

The BM potential of the display portion is lower than that 
of the counter electrode due to the influence of the scanning 
lines which are subjected to a large negative bias. Such a 
potential difference between the BM and the counter elec- 
trode causes migration of electric charge from the BM to the 
pixel display region. Such migration of electric charge is 
remarkable when the resistance of BM is lower. Therefore, 
the problem arises that the BM with a low resistance is likely 
to cause after images of short duration. 

The objects of the present invention are to provide an 
active matrix-type liquid crystal display device which is 
capable of maintaining the BM potential at an appropriate 
value, while maintaining the BM in a floating condition, and 
obtaining an excellent image quality which does not include 
after image or unevenness. 

SUMMARY OF THE INVENTION 

According to the first aspect of the present invention, the 
present invention provides an active matrix-type liquid 
crystal display device comprising a pair of insulating trans- 
parent substrates, in which the first substrate comprises a 
plurality of scanning lines and a plurality of signal lines, thin 
film transistors mounted near the crossover points of said 
scanning lines and said signal lines, pixel electrodes con- 
nected to the respective thin film transistors, counter elec- 
trodes facing said pixel electrodes; and the second substrate 
comprises a black matrix having openings at the regions 
facing said pixel electrodes; and the liquid crystal layer 
interposed between those two substrates is controlled by an 
electric field generated in an approximately parallel direc- 
tion to the liquid crystal layer by a voltage applied between 
said pixel electrodes and said counter electrodes; 

wherein, an opening with a predetermined area is formed 
in at least a part of the black matrix facing said scanning 
lines or the signal fines. 

According to the second embodiment, the present inven- 
tion provides an active matrix-type liquid crystal display 
device comprising a pair of insulating transparent substrates, 
in which the first substrate comprises a plurality of scanning 
lines and a plurality of signal lines, thin film transistors 
mounted near the crossover points of said scanning lines and 
said signal lines, pixel electrodes connected to respective 
thin film transistors, counter electrodes facing said pixel 
electrodes; and the second substrate comprises a black 
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matrix having openings at regions facing said pixel elec- 
trodes; and the liquid crystal layer interposed between those 
two substrates is controlled by an electric field generated in 
approximately parallel direction to the liquid crystal layer by 

5 a voltage applied between said pixel electrodes and said 
counter electrodes; 

wherein, a slit with a predetermined area is formed at least 
at a part of regions of the black matrix formed on the second 
substrate facing each pixel electrode. 

10 According to the third aspect of the present invention, the 
present invention provides an active matrix-type liquid 
crystal display device according to the first aspect, wherein, 
considering a unit pixel, and when it is assumed that Sg 
represents an area in which the black matrix overlaps with 

15 the region of the scanning lines not covered by signal 
electrodes, Sd represents an area in which the black matrix 
overlaps with the region of signal lines not covered by the 
other electrode, Vgoff represents a potential of the scanning 
lines in a non-selection period, Vcom represents a potential 

20 supplied to the counter electrodes, Vs represents a temporal 
mean of the signal line potential, and EH and EP represent 
the dielectric constants of the liquid crystal in the director 
direction and in the direction perpendicular to the director, 
respectively, and said predetermined area is set so as to 

25 satisfy the following equation (1), 

Qi(Vgoff-Vcom)Sg+eP(Vs-Vcom)Sd=0 (1) 

According to the fourth aspect, the present invention 

30 provides an active matrix- type liquid crystal display device 
comprising a pair of insulating transparent substrates, in 
which the first substrate comprises a plurality of scanning 
lines and a plurality of signal lines, thin film transistors 
mounted near the crossover points of said scanning lines and 

35 said signal lines, pixel electrodes connected to the respective 
thin film transistors, counter electrodes facing said pixel 
electrodes; and the second substrate comprises a black 
matrix having openings at regions facing said pixel elec- 
trodes; and the liquid crystal layer interposed between those 

40 two substrates are controlled by an electric field generated in 
an approximately parallel direction to the liquid crystal layer 
by a voltage applied between said pixel electrodes and said 
counter electrodes; 

wherein, the black matrix disposed on the second sub- 

45 strate extends to the outer periphery of the display region, a 
bus line maintained at the same potential as the counter 
electrode is formed in between the terminal deriving the 
signals from said signal lines and the display region along 
one side of the display region, and a slit is formed in the 

50 black matrix over the whole length of the side where the 
extended scanning lines are arranged. 

According the fifth aspect, the present invention provides 
an active matrix -type liquid crystal display device according 
to the fourth aspect, wherein the bus line maintained at the 

55 same potential as the counter electrode is formed in between 
the terminal for deriving signals from said signal lines and 
a display region on the first substrate, the black matrix is 
formed in a whole range of side area where the extended 
scanning lines are arranged. 

60 According to the sixth aspect, the present invention pro- 
vides an active matrix-type liquid crystal display device in 
which said black matrix is formed by a resin composition 
having a volume resistivity of more than 10 6 Qcm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

65 

FIGS. 1A and IB are schematic diagrams for explaining 
a first embodiment of the present invention, and FIG. 1A is 
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a plan view of a liquid crystal panel and FIG. IB is a the extended scanning lines, and FIG. 3 is a plan view of a 

cross-sectional view along the IB-IB' line of FIG. 1A. unit pixel of the display portion. 

FIG. 2 shows an area adjacent to the extended scanning First > the manufacturing process of the active matrix-type 

lines of the first embodiment of the present invention. Uc ^ ^ ?? U £*™ according to this embodiment 

,. f -i5 w iU be described. The TFT substrate is manufactured as 

FIG. 3 is a diagram showing a plan view of one pixel follows. A chromium film is deposited on the TFT substrate 

according to the first embodiment of the present invention. at a thickness of 2 50 nm as a metal layer for forming 

FIGS. 4A and 4B are schematic diagrams for explaining scanning lines 9, counter electrode wiring 16, and counter 

the second embodiment of the present invention, and FIG. electrode 19, and the chromium layer is patterned, that is, 

4A shows a plan view of the liquid crystal panel and FIG. 4B JQ subjected to a patterning process. On the metal pattern, as a 

shows a cross sectional view along the 4B-4B* line of the gate insulating film, a silicon nitride film 400 nm thick, an 

liquid crystal panel shown in FIG. 4A. amorphous silicon film 300 nm thick, and an n-type amor- 

FIG. 5 is a diagram for explaining a principle of the P u hous sili ™ n 30 1 nm ^ ck are continuously deposited and 

. . . i . j r o r r ^ amor p nous silicon film and the n-type amorphous silicon 

in-plane switching mode. C1 * j . *** 

r to t t film are subjected to a patterning process. 

FIGS. 6A and 6B are diagrams showing a conventional 15 i n a peripheral area, after forming a contact hole for 

examples: FIG. 6A shows a plan view of a conventional connecting a bus-line 10 at the same potential as the counter 

liquid crystal panel, and FIG. 6B shows a cross sectional electrode to the counter electrode wiring 16, a chromium 

view along the 6B-6B' line of the conventional liquid crystal film is deposited at a thickness of 250 nm for forming signal 

panel of FIG. 6 A around the extended scanning lines in an lines 17, pixel electrodes, and the bus line 10 at the same 

conventional example. 20 potential as the counter electrode, and is subjected to the 

FIG. 7 is a diagram showing an area adjacent to the side patterning process. A silicon nitride film is deposited at a 

where the extended scanning lines are arranged in the thickness of 200 nm as a passivation film 13 and the 

conventional example. passivation film 13 is removed at the terminals 1 of the 

FIG. 8 shows a plan view of a pixel of the conventional canning lines and the terminals ,2 of the signal lines. By the 

example 25 P roccss described above, the TFT substrate is produced. 

™^ " r , . . ,. , The CF substrate is manufactured as follows. On a 

u u diagram or explaining a problem which occurs tran t insu i ating substrate for the CF substrate, after 

when the BM potential is separated from that of the counter de ositi on the rear surface an IX0 film at a thickness of 

electrode in the conventional example. 2Q Qm> a fesm composition conta ining carbon particles is 

FIG. 10 is a diagram for explaining the display anomaly 30 deposited on a front surface at a thickness of 1.3 /an. As 

which occurs when the BM potential is separated from that showo m FIG 3( openmg patterns 21 and the slit 25 which 

of the counter electrode in the conventional example. ^ made in a region which overlaps with the scanning lines 

FIGS. 11A and 11B are diagrams for explaining the third are formed and, in the peripheral area, a slit pattern 4 is 

embodiment of the present invention, and FIG. HAis a plan formed. Thereby, the black matrix 3 is formed. The volume 

view of the liquid crystal panel according to the third 35 resistivity of the thus made black matrix was in a range of 

embodiment, and FIG. 11 B is a plan view of a cross 10 9 to 10 11 Qcm. 

sectional view along the HB-llB* line of the liquid crystal The slit formed on the scanning lines has a dimensions of 

panel shown in FIG. 11 A. 6 film in width, and 50 /un in length such that the equation 

DFTAIT Fn OFSPRTPTiniM OF THF (1) is salisfied for lhe designed driving conditions. The slit 

The active matrix-type liquid crystal display device arranged. The respective color layers R, G, and B are formed 

according to the embodiments comprises two substrates thereon at a thickness of 1.2 fim, and these color layers are 

facing each other, and one of the two substrates is a TFT subjected to the patterning process. An overcoat is formed at 

substrate (FIG. IB, 6) which comprises a plurality of scan- 45 a thickness of about 1.0 fim> yielding the CF substrate, 

ning lines (FIG. IB, 9) and a plurality of signal lines, thin On TFT substrate 6 and CF substrate 7, orientation films 

film transistors formed adjacent to the crossover points of 26 are formed, and a rubbing treatment is performed for the 

the scanning lines and the signal lines, pixel electrodes TFT substrate in the direction of 36 in FIG. 3, which is 15 

connected to the thin film transistors, counter electrodes degrees to the longitudinal direction of the pixel electrodes, 

formed so as to face the pixel electrodes. The active matrix 50 and, for the CF substrate, rubbing is performed in a 

liquid crystal display device, which generates an electric direction, which is 180 degrees opposite to 36 of FIG. 3. 

field approximately parallel to the liquid crystal layer by a Subsequently, both TFT and CF substrates are adhered to 

voltage applied between the pixel electrode and the counter each other after coating sealing materials and scattering 

electrodes, comprises a slit (FIG. 1A, 4) in a portion of a spacers, and liquid crystal is injected and sealed in the 

region facing the scanning lines of a black matrix (FIG. 1A, 55 adhered substrates. The cell gap of the liquid cell is set as 4.5 

3), which is formed on a CF substrate. ^m, and an anisotropy An of the refractive index of the liquid 

Embodiments crystal is set as 0.007. Thereby, the color tone of the white 

In order to explain in more detail, the preferred embodi- display screen is improved. In addition, a liquid crystal with 

mcnts will be hereinafter described with reference to the a specific resistance of more than 10 14 Qcm is used. The 

attached drawings. 60 liquid crystal is sandwiched by a pair of polarizing plates 

[Embodiment 1] forming a cross-nicol. The polarization angle 37 of the 

The first embodiment of the present invention is explained polarizing plate on the CF plate is set parallel to the direction 

with reference to FIGS. 1 to 3. FIG. 1A shows an active of the rubbing, and the polarization angle of the polarizing 

matrix -type liquid crystal display device as a whole accord- plate mounted on the TFT substrate is set perpendicular to 

ing to the first embodiment of the present invention, and 65 the direction of rubbing. 

FIG. IB shows a cross-sectional view along IB-IB' line of Next, the construction of the active matrix-type liquid 

FIG. 1. FIG. 2 is an overview around the neighborhood of crystal display device will be explained. Referring to FIG. 1, 
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the TFT side transparent insulating susbstrate 6 and the CF 
side transparent insulating substrate 7 are glued so as to 
coincide with respective two edges, and in the other two 
edges, the terminal 1 of the scanning lines and the terminal 
2 of the signal lines are formed. The black matrix 3 formed 5 
on the TFT substrate extends to the edge of the substrate. In 
a space between the terminal 1 of the scanning lines and the 
terminal of the signal lines, a bus line 10 which is at the same 
potential as the counter electrode is formed along the side 
where the extended scanning lines are arranged. This bus 10 
line is formed so as to cover a part of the scanning lines 
through the gate insulating film 12, and, thereon, a passiva- 
tion film 13 is formed. 

Referring to FIG. 2, the entire area except the area 
forming the slit is covered by the BM 3. At the left side of 15 
the slit 4 in FIG. 2, the BM overlaps almost all of the 
scanning lines. In contrast, at the right side of the slit 4, the 
wiring 16 of the counter electrode connected with the bus 
lines 10, which have the same potential as the current 
electrode, extends toward the display portion 5 in parallel to 20 
the scanning electrodes 9 by the same metallic layer as the 
scanning electrode 9. 

As described hereinbefore, BM overlaps with the wiring 
of the scanning electrode 9 and the wiring of the counter 
electrodes at a width of 100 /an before extending to the 25 
display area 5. Thus, in the right side of the slit 4, no part of 
the BM area is negatively biased on average. In the area 
facing the bus line on the CF substrate 7, the slit 4 of the BM 
is formed. On the BM layer, an overcoat layer 11 is formed 
in order to prevent impurities in the BM and the color layers 30 
from diffusing into the liquid crystal layer. 

The orientation films 26 are formed on the TFT substrate 
6 and the CF substrate 7, respectively, and the liquid crystal 
layer 14 is supported in a sealed space insulated by the 
sealing material 8. The orientation films are subjected to the 35 
rubbing treatment on one hand in a direction of 36 in FIG. 
3, and on the other hand in the direction 180 degrees 
opposite to the direction of 36 in FIG. 3, so that the liquid 
crystal is homogeneously oriented in the parallel directions 
of the rubbing treatment. When it is assumed that the 40 
surface, on which the BM and the color layers are formed, 
is the front surface, the rear ITO 35 as a transparent 
conductive film is formed on the rear surface in order to 
prevent a disturbance of the display caused by the influence 
of the static electricity from the display surface. 45 

Furthermore, two polarizing plates 33 and 34 forming a 
cross nicol are disposed so as to sandwich the liquid crystal 
layer. The orientation 37 of the polarizing axis of the 
polarizing plate on the CF substrate is set parallel to the 
rubbing direction, and the orientation 38 of the polarization 50 
axis of the polarizing plate is set perpendicular to the 
rubbing direction. 

Referring to FIG. 3, the counter electrode 19 formed by 
the same metal layer as the scanning line 9 and connected to 
the counter electrode bus line 16 and the pixel electrode 18 55 
formed by the same metal layer as the signal line 17 and 
connected to the source electrode of the thin film transistor 
extend in parallel to the signal line 17. Both edges of the 
pixel electrode 18 and the counter electrode 19 are con- 
nected to each other, and the connecting portions overlaps 60 
each other, sandwiching the gate insulating layer therebe- 
tween to form a pixel storage capacitance. Furthermore, the 
edges of both the pixel electrode 18 and the counter elec- 
trode 19 are formed in an obliquely cut shape. This shape is 
formed for preventing the edge from generating an electric 65 
field which twists the director of the liquid crystal in an 
opposite direction to the normal twisting. 
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The IBM is removed, similar to the conventional example 
shown in FIG. 8, in a shape 21 so as to enclose the display 
area. If the BM is not removed at that area, since the 
scanning lines 9 overlaps with the BM over the whole area 
excluding the region covered by the source/drain electrodes 
of the TFT and islands of the amorphous silicon 20, a large 
capacitive coupling occurs between the BM and the scan- 
ning lines, which results in the BM being negatively biased 
and causing the problem of after images etc. 

This problem will be analyzed in more detail by using 
mathematical equations. In order to explain the general 
character of the BM, it is divided into fine elements and 
provided that, on the TFT substrate, the area of the electrode 
facing each element i is Si, the potential is Vi (7!F7 \ the 
potential of each element is Vi (AW) , the average dielectric 
constant of the liquid crystal in the longitudinal direction is 
Gi, the thickness of the liquid crystal layer is d, and the 
amount of charge of each element is Qi. The relationship 
between the potential of each element of the BM and the 
amount of charge can be always expressed by the following 
equation. 



QHEi Si/dXVi^-W 77 ^ 



(2) 



The total charge Q of the BM defined by the equation (3) 
is a constant not depending on time, if the BM is completely 
insulated. 



Q»IQi 



(3) 



If the condition before starting the operation is the initial 
condition, since all elements are at an equal potential at the 
initial condition, the amount of charge of each element Qi=0. 
When operation of the liquid crystal panel starts, V^ TFr > 
becomes a non-zero value. However, since the resistance of 
the BM is higher than that of the wiring of the TFTs, an 
electric current will not flow and Qi remains zero. Thus, this 
state is expressed by the following equation. 



Vi(BM)=Vi(TFT> 



(4) 



After starting operation, the potential Vi of each point is 
different from the others, potential differences may occur 
between each BM element. Since the BM is conductive, a 
current flows due to potential differences in the BM network. 
Although Vi (BA ° changes with the change of some Vi(TFT) 
values sensitive to high frequency, the current flowing in the 
BM does not follow these changes, and a current flows 
between the BM elements by an potential difference deter- 
mined by the temporal average <Vi (BAf) >. Such current 
changes the Qi of each point, and finally, the temporal 
average <Vi(BM)> of the BM potentials at every point reach 
a constant value By calculating the temporal means 

of the equations (2) and (3), the V*** 0 satisfies the following 
equation (5). 



o»<Q>-2<Qi>-iX(ei si/di>(Vi< BA 0- w < rr O)) 



(5) 



The above equation determines the BM potential after 
sufficient time passes and the temporal mean of every BM 
potential reaches a constant value. 

Hereinafter, a problem will be explained for a conven- 
tional example of a liquid crystal panel which uses amor- 
phous silicon thin film field effect-type transistors as switch- 
ing elements and which is driven by twisting a homogeneous 
oriented nematic liquid crystal having a positive anisotropy 
of the dielectric constant by a transverse electric field. 

As shown in FIG. 7, in the outside of the display region 
along the side of the extended scanning lines,the BM only 
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overlaps the extended scanning lines. The temporal mean of 
the BM potential in this area is given by the following 
equation. 



<Vgout(BM)>»Vgoff 



(6) 



In contrast, the display portion comprises a plurality of 
pixels shown in FIG. 8. In each unit pixel, the BM overlaps 
with scanning line 9, signal line 17, and the counter elec- 
trode 19/pixel electrode 18. The potential of the BM is 
considered as divided elements. The potential of an element 
overlapping the scanning line 9 are Vgoff, which corre- 
sponds to the off potential of the scanning line, the potential 
of an element which overlaps the counter electrode/pixel 
electrode are the same as the average voltage of the signal 
lines, and the potentials of elements which overlap the 
counter electrode/pixel electrode are equal to the counter 
electrode potential Vcom. 

These elements are in close proximity, and the potentials 
of these elements are equalized by rapid current flow, and 
the temporal mean of the BM potential in the display portion 
is given by the following equation. 

V/ BW) -(egVgoffSg+edVsSd+ecVcomSc)/(^gSg+edSd+ecScX7) 



10 



represents the area where the black matrix overlaps a region 
in which the signal line is not covered by the other electrode, 
Vgoff represents the potential of the scanning line in an 
non-selection period, Vcom represents the potential to sup- 
ply to the counter electrode, Vs represents a temporal mean 
of the signal line potential, G M represents a dielectric con- 
stant of the liquid crystal in the direction of the director, and 
Ep represents the dielectric constant of the liquid crystal in 
the direction perpendicular to the director. The size of the slit 
facing to the scanning line is determined so as to satisfy the 
relations expressed in the equation (1). 



e w (V g oflf-Vcom)Sg+ep(Vs-Vcom)Sd=0 



(1) 



Thereby, the amount of negative bias from the counter 
electrode potential by the capacitive coupling of the BM 
with the scanning line can be balanced by an amount of 
positive bias from the counter electrode potential by the 
capacitive coupling of the BM with the signal line, so that 
the BM potential can be maintained at a potential close to the 
counter electrode potential. Consequently, a uniform image 
display without indicating any unevenness is realized which 
has an excellent image quality with no after image. 

In this embodiment, a bus line 10 is formed adjacent to the 
display portion between the display portion and the terminal 
where, Eg, Ed, and Ec are mean dielectric constants of 25 of the scanning lines, and, on the color filter substrate, a slit 



respective elements in a vertical direction to the substrate. 
Sg, Sd, and Sc are the areas of the part of each element 
overlapping the scanning line, signal line, and the counter/ 
pixel electrode, respectively. 

Since Vp (iW ^ is close to Vcom, and the liquid crystal in 
the region overlapping the scanning line rises, to approxi- 
mately Eg=EH, and the liquid crystal remains in the hori- 
zontal direction in a region overlapping the signal line or the 
pixel/counter electrodes, so that dielectric constants in vari- 
ous regions may be approximated as Eg«=Ec=Ep. 

As numerical examples, the values of EH/Ep=3, 
Sd:Sc:Sg=5:5:l, Vcom=5.0 V, Vs-6.5 V, and Vgoff=-9V are 
assumed and substituted into the equations (6) and (7), and 
<Vp (/?A °>-2.4 V and <Vgout (£rA °>=-9V are obtained. As 
shown, right after the operation, the temporal mean potential 
at the portion where the extended scanning lines are 
arranged, differs from that at the display portion. 

A current flows through the BM by the potential differ- 
ence for equalizing the BM potential, and thus, while such 
current flows, the BM potential becomes close to the poten- 
tial of Vgout in a region which is a few millimeter apart from 
the side where the extended scanning lines are derived from 
the display portion. As a result, since a large potential 
difference is generated between the BM and the counter 
electrode and since a traverse electric field 27 is generated 
toward the columns of both edges of the pixel from BM 
edges, which causes the twisting deformation of the liquid 
crystal. 

When the resistance of the BM is sufficiently low, the 
potential equalization occurs instantaneously, and no effect 
of the potential difference appears. However, if the BM 
resistance is high, shiny regions 29 appear in black display 
screen near the driving portion of the scanning lines in a 
short time after starting display. The period of time in which 
this display anomaly occurs varies depending upon the 
resistance of the BM, and when the volume resistivity is in 
the range of 10 6 to 10 7 Qcm, the duration is about several 
minutes, and when the volume resistivity is 10 9 to 10 10 
Qcm, the shining lasts for several hours. 

It is assumed that, in a unit pixel, Sg represents the area 
where the black matrix overlaps a region in which the 
scanning line is not covered by the other electrode, Sd 
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4 is formed in the BM in a region facing to the bus line 10, 
extending over a whole length of the side where the 
extended scanning lines are arranged. 

This slit 4 divides the BM region into two regions, one is 
the region where the scanning line deriving wires are 
congested and the other is the region of the display portion. 
Since no current flows between these two regions, a drastic 
potential fall does not occur near the area where the 
extended scanning lines are arranged, in contrast to the 
conventional example. Thus, the BM potential is maintained 
at <Vp (fiAf) >, so that the display anomaly will never appears. 
In addition, the back light will not go through the area where 
the slit 4 is present is sealed by the bus line 10 in the TFT 
substrate, so that a good contrast is given to the display. 

In this embodiment, in order to increase the resistivity of 
the liquid crystal, a liquid crystal compound having a cyano 
group at a terminal end of the compound, or a liquid crystal 
compound having high polarity may be incorporated into the 
host liquid crystal. The resistivity of the thus mixed liquid 
crystal can be increased to the range of 10 12 to 10 13 Qcm and 
by using such a liquid crystal, the liquid crystal display 
device exhibits a superior display with no after image and 
excellent reliability in high temperature operation. 

In this embodiment, a resin composition containing car- 
bon particles is used as a material for the BM. In order to 
reduce cross talk of the display, and to obtain a better 
display, it is preferable in view of equation (1), that the BM 
is formed by a resin composition, the resistivity of which is 
larger than 10 6 Qcm. Thus, it is possible to use a resin 
composition containing metal oxide particles as the BM 
material, which results in reducing the transparency of the 
BM and obtaining a better image quality. 
[Second Embodiment] 

The second embodiment of the present invention will be 
explained with reference to FIG. 4. FIG. 4A shows an active 
matrix-type liquid crystal display device as a whole, and 
FIG. 4B shows a cross section along 4B-4B' line of FIG, 4B. 

In the second embodiment, the signal lines 17 are con- 
nected through the contact hole 24 to the extended wiring 23 
of the signal lines which is formed by the same metal layer 
as the signal line 9. On a part of the signal line extended 
wiring 23, a bus line 10, held at the same potential as that of 
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the counter electrode formed in parallel to the side where the 
extended signal line are arranged, is formed on the gate 
insulating film covering the signal line extension wiring 23. 
On the bus line 10, a passivation film 13 is formed. The other 
features are the same as those of the first embodiment. 

In the conventional example, since the average potential 
of the signal lines, even at the side where the extended signal 
lines are densely formed, is higher as much as the feed- 
through voltage than the counter electrode potential Vcom, 
the display anomaly may be caused when the feed-through 
voltage is high. However, in the present embodiment, as 
shown in FIG. 4, the display quality can be maintained at a 
high level, because the bus line 10, held at the same potential 
as that of the counter electrode, is formed in an adjacent 
region of the display portion near the side where the 
extended signal lines are arranged, and because, on the 
region facing that region on the color filter substrate 7, the 
BM slit is formed on the larger part of the side where the 
extended signal lines are arranged. 

Therefore, the BM potential near the side where the 
extended signal lines are arranged can be controlled more 
accurately, which contributes to better display quality. 
[Third Embodiment] 

The third embodiment of the present invention is 
described hereinafter with reference to FIGS. 11A and 11B. 
FIG. 11A shows an liquid crystal display device as a whole 
in an active matrix liquid crystal display device according to 
the third embodiment of the present invention, and FIG. 11B 
shows the cross sectional view along the 11B-11B' line in 
FIG. 11A. 

The third embodiment differs from the first embodiment 
only in that one of color layers of R, G, and B is formed so 
as to cover the BM slit 4 formed near the side where the 
extended scanning lines are arranged. 

The structure of the third embodiment described above is 
able to control the reflected light through the slit formed in 
the vicinity of the scanning line deriving portion by the color 
layer 8, which further contributes to better image quality. 

As explained above, the present invention contributes to 
obtaining an active matrix-type liquid crystal display device 
which exhibits a highly homogeneous display with no after 
images, and good display quality and a wide angle of 
visibility. 

The above described excellent performance is obtained 
based on the structure of the active matrix-type liquid crystal 
display device of the present invention in that it comprises 
a bus line at the same potential as the current electrode 
formed along the sides near the deriving wires of the signal 
lines or scanning lines, a slit formed on the black matrix 
facing the bus line, and a slit of the black matrix facing the 
scanning line in each pixel, so that it is possible to maintain 
the potential of the black matrix near the potential of the 
counter electrode while maintaining it in the floating state 
which facilitates control of the potential of the black matrix. 

What is claimed is: 

1. An active matrix -type liquid crystal display device 
comprising a pair of insulating transparent substrates, in 
which the first substrate comprises a plurality of scanning 
lines and a plurality of signal lines, thin film transistors 
mounted near the crossover points of said scanning lines and 
said signal lines, pixel electrodes connected to the respective 
thin film transistors, counter electrodes facing said pixel 
electrodes; the second substrate comprising a black matrix 
having first openings at regions facing said pixel electrodes; 
an interior region defined by the crossover points of said 
scanning lines and said signal lines; and the liquid crystal 
layer interposed between those two substrates is controlled 
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by an electric field generated in an approximately parallel 
direction to the liquid crystal layer by a voltage applied 
between said pixel electrodes and said counter electrodes; 
and 

second openings with a predetermined area formed in at 
least a part of the black matrix in vertical alignment 
with said scanning lines or the signal lines. 

2. An active matrix-type liquid crystal display device 
comprising a pair of insulating transparent substrates, in 
which the first substrate comprises a plurality of scanning 
lines and a plurality of signal lines, thin film transistors 
mounted near the crossover points of said scanning lines and 
said signal lines, pixel electrodes connected to the respective 
thin film transistors, counter electrodes facing said pixel 
electrodes; and the second substrate comprises a black 
matrix having first openings at regions facing said pixel 
electrodes; and the liquid crystal layer interposed between 
those two substrates is controlled by an electric field gen- 
erated in an approximately parallel direction to the liquid 
crystal layer by a voltage applied between said pixel elec- 
trodes and said counter electrodes; 

wherein, a slit with a predetermined area is formed in at 
least at a part of the regions of the black matrix formed 
on the second substrate facing each pixel electrode, 
said slit being located apart from said first openings. 

3. An active matrix-type liquid crystal display device 
comprising a pair of insulating transparent substrates, in 
which the first substrate comprises a plurality of scanning 
lines and a plurality of signal lines, thin film transistors 
mounted near the crossover points of said scanning lines and 
said signal lines, pixel electrodes connected to the respective 
thin film transistors, counter electrodes facing said pixel 
electrodes; and the second substrate comprises a black 
matrix having openings at regions facing said pixel elec- 
trodes; and the liquid crystal layer interposed between those 
two substrates is controlled by an electric field generated in 
an approximately parallel direction to the liquid crystal layer 
by a voltage applied between said pixel electrodes and said 
counter electrodes; 

wherein, an opening with a predetermined area is formed 
in at least a part of the black matrix facing said 
scanning lines or the signal lines wherein, considering 
a unit pixel, and when it is assumed that Sg represents 
an area in which the black matrix overlaps with the 
region of the scanning lines not covered by the other 
electrode, Sd represents an area in which the black 
matrix overlaps with the region of signal lines not 
covered by the other electrode, Vgoff represents a 
potential of the scanning lines at non-selection period, 
Vcom represents a potential supplied to the counter 
electrodes, Vs represents a temporal mean of the signal 
line potential, and EH and EP represents the dielectric 
constants of the liquid crystal in the director direction 
and in the direction perpendicular to the director, 
respectively, and said predetermined area is set so as to 
satisfy the following equation (1), 



eH(Vgoff-Vcom)Sg+eP(Vs-Vcom)Sd=0 



4. An active matrix-type liquid crystal display device 
comprising a pair of insulating transparent substrates, in 
which the first substrate comprises a plurality of scanning 
lines and a plurality of signal lines, thin film transistors 
mounted near the crossover points of said scanning lines and 
said signal lines, pixel electrodes connected to the respective 
thin film transistors, counter electrodes facing said pixel 
electrodes; and the second substrate comprises a black 
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matrix having openings at regions facing said pixel elec- 7. An active matrix-type liquid crystal display device 

trodes; and the liquid crystal layer interposed between those according to claim 6, wherein said black matrix has a 

two substrates is controlled by an electric field generated in volume resistivity of more than 10 6 Qcm. 

an approximately parallel direction to the liquid crystal layer g ^ ac{ive matrix4ype hqu i d crysta l display device 

by a voltage applied between said pixel electrodes and said 5 accofdin t0 daim 4 wherdn said black matrix fe formed b 

counter electrodes; . 

a resin composition. 

wherein, the black matrix disposed on the second sub- n A . . . . , . , , , . 

*^ . , - . ,. . 9. An active matrix-type liquid crystal display device 

strate extends to the outer periphery of the display ,. „ , . . , , , , 

, i- „ ■ t(4 - M J \ nt I ~ t _ f • i ' according to claim 8, wherein said black matrix has a 

region, a bus line maintained at the same potential as ° 9 6 

the counter electrode is formed in between the terminal 10 volume resistivity of more than 10 Qcm. 

of the signals from said signal lines and the display 10 An active matrix-type liquid crystal display device 

region along one side of the display region, and a slit according to claim 2, wherein said black matrix is formed by 

is formed in the black matrix extending to the whole a resin composition. 

length of the side where the extended scanning lines are u An active matrix-type liquid crystal display device 

arranged. 15 accordm g to claim 10, wherein said black matrix has a 

5. An active matrix-type liquid crystal display device volume resistivity of more than 10 « Qcm . 

according to claim 4, wherein the bus line maintamed at the ™ i- -j .ij-i * i ■ 

r t . , tU . i 4 j • j- j i *u 12. The active matrix-type liquid crystal display of claim 

same potential as the counter electrode is disposed along the . , / : . . . , 

side of the display portion in between the signal terminal of 7 ' wherein s fi aid ^ lack matnx has a volume "astivity in the 

said signal lines and the display region on the first substrate, 20 range of 10 -10 Qcm. 

and the black matrix is formed over the whole length of the 13. The active matrix-type liquid crystal display of claim 

side where the extended scanning lines are arranged. 2, wherein said black matrix has a volume resistivity in the 

6. An active matrix-type liquid crystal display device range of 10 6 -10 7 Qcm. 
according to claim 1, wherein said black matrix is formed by 

a resin composition. ***** 
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